Background {#Sec1}
==========

AD is a well known neurodegenerative disorder characterized by the presence of senile plaques and neurofibrillary tangles in the hippocampus and the brain cortex that is accompanied by severe learning and memory impairment \[[@CR1]\]. Senile plaques are mainly composed of Aβ peptides produced from the β-amyloid precursor protein (APP), while neurofibrillary tangles contain hyperphosphorylated and nitrated tau protein \[[@CR2]--[@CR4]\]. These two key components stimulate progression of the AD pathological process and accumulation of these abnormal proteins in specific regions of the brain \[[@CR4]\].

Various attempts have reported several pathological mechanisms as the main cellular targets to prevent or retard the progression of AD to disease states \[[@CR2]\]. Most approaches are designed to block or mitigate several pathological events, such as abnormal Aβ and tau aggregation, chronic inflammatory responses, and oxidative stress damage during the earliest stages \[[@CR5]--[@CR8]\]. Some other strategies stimulated the metabolism to decrease Alzheimer's energetic failure and promote intrinsic mechanisms that protect or repair cellular damage, including synaptic plasticity, preservation of the lipid membrane composition, and promotion of damaged proteins and organelle turnover \[[@CR9]--[@CR11]\]. Furthermore, modulation of neurotransmission has been considered an additional therapeutic approach to avoid deficient cholinergic neurotransmission \[[@CR12], [@CR13]\]. Many recent studies have focused on multi-target therapies at early stages of the disease as the most effective strategy because of the complex conditions of the Alzheimer neurodegenerative process \[[@CR2], [@CR14]\].

Experimental therapeutic strategies of AD therapy have included supporting NGF and anti-oxidant treatment. Several herbal plants and medicinal foods exhibiting NGF stimulation activity have received increased attention as novel therapeutic strategies for the treatment of AD and its related diseases owing to limitations including transportation, uncertain effects, short half-life, poor safety and stability in the therapeutic application of exogenous NGF for AD \[[@CR15], [@CR16]\]. Glycyrrhizae radix and onjisaponins of *Polygala tenuifolia* increased NGF levels in rat embryonic astrocytes and PC12 cells \[[@CR17], [@CR18]\]. Also, the concentration of NGF in serum and brain tissue was significantly enhanced in AD models treated with ginsenoside Rb1 from *Panax quinquefolium* L. \[[@CR19]\], red *Liriope platyphylla* \[[@CR20], [@CR21]\], fermented soybean products \[[@CR22], [@CR23]\], diosgenin \[[@CR24]\] and propentofylline \[[@CR25]\]. Furthermore, the possibility applying anti-oxidants to prevent and treat AD was supported by evidence that oxidative stress plays a functional role as a predecessor of other hall markers for neurodegeneration in the pathogenesis of AD \[[@CR26], [@CR27]\]. Some nutritional anti-oxidants including resveratrol \[[@CR28]\], curcumin \[[@CR29]\], epigallocatechin, gallate \[[@CR30]\], L-acetyl-carnitine \[[@CR31]\], vitamin E \[[@CR32]\] and ascorbic acid \[[@CR33]\] have shown potential beneficial effects as preventive drugs for AD. Despite above primary results about NGF and anti-oxidant, it has never been considered as a novel therapeutic strategy for multifunctional drug with enhancing NGF secretion and suppressing oxidative stress to treat AD.

Especially, several evidences as multifunctional drug of *A. cochinchinensis* for AD treatment had been provided by previous studies based on the therapeutic role of NGF stimulator and anti-oxidant, while *A. cochinchinensis* has been widely applied to improve the symptoms of several chronic diseases including inflammatory disease, breast cancer, brain disease, fever, cough and kidney disease \[[@CR34]--[@CR36]\]. The aqueous extract of *A. cochinchinensis* (AEAC) was increased in the concentration of the NGF protein in the supernatant of B35 cells and then secreted NGF induced dendritic outgrowth and downstream signaling pathway of NGF receptor in PC12 cells \[[@CR37]\]. Also, this extract could obviously increase NOS, CAT, and SOD activities and the NO content, and reduce the MDA content in D-galactose induced mice aging model \[[@CR38]\], while it showed high DPPH, nitrite and hydroxyl radical-scavenging activity with dose-dependent manner in vitro \[[@CR39]\]. Furthermore, quercetin (AC01) isolated from the methanol extract of *A. cochinchinensis* had strong antioxidant activity with IC~50~ = 14.52 ± 2.12 μg/ml \[[@CR40]\].

Therefore, in this study, we investigated the fundamental mechanisms responsible for NGF stimulation and anti-oxidative activities of AEAC in the Tg2576 model expressing human-like AD phenotypes to provide scientific evidence of its potential usefulness as a multiple target drug for treatment of neurodegenerative disorders.

Methods {#Sec2}
=======

Preparation of AEAC {#Sec3}
-------------------

AEAC were prepared as previously described \[[@CR37]\]. Briefly, the roots of *A. cochinchinensis* harvested in the Gochang area were obtained from the Gochange National Agricultural Cooperation Federation (<http://www.gochnh.com>) in Korea. Root samples were dried in a drying machine (FD5510S-FD5520S, Ilshinbiobase Co., Dongducheon, Korea) at 60 °C and deposited as voucher specimens of *A. Cochinchinensis* roots (WPC-14-003) in the functional materials bank of the Wellbeing Regional Innovation System Center at Pusan National University (PNU). Samples were also identified by Dr. Shin Woo Cha at the Herbal Crop Research Division, National Institute of Horticultural & Herbal Science. Dry roots were reduced to powder using a pulverizer (MF-3100S, Hanil Electric Co., Seoul, Korea), after which AEAC was obtained at 121 °C for 45 min in a fixed liquor ratio (solid powder of *A. cochinchinensis*/dH~2~O ratio, 75 g: 500 ml) using circulating extraction equipment (Woori Science Instrument Co., Pocheon, Korea). The extract solutions were subsequently passed through a filter membrane (Whatman No. 2), after which they were concentrated by vacuum evaporation and lyophilization using circulating extraction equipment (IKA Labortechnik, Staufen, Germany). Finally, the AEAC powder was dissolved in dH~2~O or DMEM (Thermo Scientific, Waltham, MA, USA) to 1 mg/ml, then further diluted to the required concentration.

Analysis of bioactive compounds in AEAC {#Sec4}
---------------------------------------

The level of three bioactive compounds including total phenols, flavonoids and crudal saponins in AEAC were measured as previously described. The amount of total phenol in AEAC was determined according to the Folin-Ciocalteu method \[[@CR41]\]. Briefly, the collected sample (20 μl) was mixed with 100 μL of 0.2 N Folin-Ciocalteu reagent for 5 min, after which 300 μl of 20% sodium carbonate was added. Following incubation at room temperature for 2 h the absorbance of the reaction mixture was measured at 765 nm. Gallic acid was used as a standard to produce the calibration curve. Total phenolic content was expressed in milligrams of gallic acid equivalents per gram of AEAC extract.

The amount of total flavonoids in AEAC was determined as described by Meda et al. \[[@CR42]\]. Briefly, AEAC (200 μl) was added to test tubes containing 60 μl of 5% potassium nitrite, 600 μl of dH~2~O, and 60 μl of 10% aluminum chloride. After incubation at 25 °C for 5 min, the absorbance of the reaction mixture was measured at 510 nm. Total flavonoids content was determined using a standard curve with quercetin as a standard and expressed as milligrams of quercetin equivalents per gram of AEAC powder.

The total crude saponins were also detected as previously described \[[@CR43]\]. Briefly, AEAC dissolved in 30 ml dH~2~O were repeatedly extracted with ethyl ether (50 ml) to remove the lipid soluble substances. After collection of the aqueous layer, they were further extracted with n-butanol (30 ml) three times. This layer was concentrated by vacuum evaporation and lyophilization using circulation extraction equipment (IKA Labortechnik). Finally, the total crude saponins was calculated using the following equation:

Crudal saponin (mg/g) = A-B/S

where, A is the dry weight of the n-butanol layer (mg), B is the weight of the flask (mg) and S is the solid volume of the sample (g).

High performance liquid chromatography (HPLC) analysis {#Sec5}
------------------------------------------------------

The protodioscin in AEAC was analyzed using an ILC 3000 HPLC system (Interface Engineering Co. Ltd., Seoul, Korea) equipped with a Corona® CAD® Detector (ESA Biosciences, Inc., Chelmsford, MA, USA). Chromatographic separation was performed on a CapCell PAK MG C18 (4.6 × 250 mm, particle size 5 μm; Shiseido Co., Ltd., Tokyo, Japan). The mobile phase consisted of solvent A (dH~2~O) and solvent B (acetonitrile) using the gradient elution program: 0--25 min, 30--90% solvent B and 25--40 min, 90% solvent B. A flow rate of 1.0 ml/min was used for sample analysis. The nebulizer gas was compressed nitrogen. The gas flow rate and gas pressure were maintained at 1.53 l/min and 35 ± 2 psi, respectively. The output signal of the detector was recorded using the Clarity™ Chromatography Software (DataApex, Prague, Czech Republic).

Free radical scavenging activity {#Sec6}
--------------------------------

The scavenging activity of two, 2-diphenyl-1-picrylhydrazyl (DPPH) radical was measured as previously described \[[@CR44]\]. Briefly, powdered extract was dissolved in 50% EtOH (100 μL) to give 13 different concentrations of AEACs (16 to 2,000 μg/ml), mixed with 100 μL of 0.1 mM DPPH (Sigma-Aldrich Co.) in 95% ethanol solution or 100 μL of 95% ethanol solution, then incubated at room temperature for 30 min. Next, the absorbance of the reaction mixture was measured at 517 nm using a Versa-max plate reader (Molecular Devices, Sunnyvale, CA, USA). The DPPH radical scavenging activity of the AEAC was expressed as the percent decrease in absorbance relative to the control. The IC~50~ value is defined as the concentration of substrate that causes a 50% loss in DPPH activity.

In vitro analysis of neuronal cells {#Sec7}
-----------------------------------

B35 cells, a neuroblastoma that originated from the central nervous system of rats (*Rattus norvegicus*), were seeded at a density of 5 × 10^4^ cells/0.2 ml and grown for 24 h in a 37 °C incubator. When the cells reached 70--80% confluence, they were either treated with vehicle (1× PBS) or pretreated with 100 μg/ml of AEAC dissolved in 1× PBS for 24 h. After collecting the supernatants, they were analyzed for NGF concentration and used for neuritic outgrowth analysis. The neuritic outgrowth of PC12 cells was measured as previously described \[[@CR20]\]. Following incubation of PC12 cells treated with AEAC-conditioned medium for 24 h, the morphology of PC12 cells was observed under a microscope at 200× magnification (Leica Microsystems, Switzerland). The length of dendrites of PC12 cells was analyzed using the Leica Application Suite (Leica Microsystems, Switzerland).

Intracellular ROS levels in BV-2 cells, which are macrophage cells that originated from the Abelson murine leukemia virus-induced tumor, were measured by staining with 2′,7′-dichlorofluorescein diacetate (DCFH-DA) (Sigma-Aldrich Co.). Briefly, BV-2 cells were seeded at 5 × 10^5^ cells/2 ml in 6-well plates, then grown with 100 μg/ml of AEAC for 1 h in a 37 °C incubator. After washing once with 1× PBS, the cells were incubated with 0.5 μg/ml of LPS (Sigma-Aldrich Co.) for another 24 h. Next, cells were incubated with 25 μM DCFH-DA for 30 min at 37 °C. Finally, the cells were washed twice with PBS, after which the green fluorescence was observed at 200× and 400× magnification using a fluorescent microscope (Eclipse TX100, Nikon, Tokyo, Japan).

Experimental design for animals {#Sec8}
-------------------------------

The animal protocol used in this study was reviewed and approved by the Pusan National University-Institutional Animal Care and Use Committee (PNU-IACUC; Approval Number PNU-2015-0991). Adult Tg2576 mice and Non-Tg mice were purchased from Samtaco (Osan, Korea) and handled at the Pusan National University Laboratory Animal Resources Center, which is accredited by the Korea Food and Drug Administration (FDA) (Accredited Unit Number-000231) and AAALAC International (Accredited Unit Number; 001525). All mice were provided with a standard irradiated chow diet (Purina Mills Inc., Seoungnam, Korea) *ad libitum*, and were maintained in a specific pathogen-free state under a strict light cycle (lights on at 08:00 h and off at 20:00 h) at 23 ± 2 °C and a relative humidity of 50 ± 10%.

Tg2576 mice (*n* = 13, 12--24 months old) were assigned to either a vehicle treated group or an AEAC treated group (*n* = 6--7). Mice in the AEAC treated group were received 100 mg/kg/day AEAC via oral administration, while those in the vehicle treated group received dH~2~O for 4 weeks. Non-Tg littermates were used as a control group. Following AEAC treatment for 4 weeks, all animals were immediately sacrificed using CO~2~ gas, after which blood and tissue samples were collected and stored in Eppendorf tubes at −70 °C until assayed.

Enzyme-linked immunosorbent assay (ELISA) for NGF {#Sec9}
-------------------------------------------------

The concentrations of NGF in culture supernatant from B35 cells treated with AEAC as well as serum collected from the mice of subset group were measured using a NGF ELISA kit (Chemicon International Inc., Temecula, CA, USA). Briefly, samples and standards were incubated overnight on antibody-coated plates in a plate shaker at 100--150 rpm and 2--8 °C. Following the addition of anti-mouse NGF monoclonal antibody (100 μl), plates were subsequently incubated in a shaker for 2 h at room temperature, after which 100 μl of peroxidase conjugated donkey anti-mouse IgG polyclonal antibody was added to each well and samples were incubated at room temperature for an additional 2 h. After washing, 100 μl of TMB substrate was added to each well and the plate was incubated at room temperature for 15 min. The reaction was then quenched by the addition of 100 μl of stop solution, after which the plate was analyzed using a SoftMax Pro5 spectrophotometer (Molecular Devices, Sunnyvale, CA, USA).

Western blot and slot blot {#Sec10}
--------------------------

Total protein was prepared from the cortex and hippocampus tissue of mice in subset groups using Pro-Prep Protein Extraction Solution (iNtRON Biotechnology, Seongnam, Korea), then quantified using a SMARTTM BCA Protein Assay Kit (Thermo Scientific, Waltham, MA, USA) for Western blot analysis. Briefly, these proteins were separated by 4--20% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) for 2 h, after which resolved proteins were transferred to nitrocellulose membranes for 2 h at 40 V. Each membrane was then incubated separately at 4 °C with the following primary antibodies overnight: anti-TrkA antibody (Cell Signaling Technology, Beverley, MA, USA), anti-p-TrkA antibody (Cell Signaling Technology), anti-Akt antibody (Cell Signaling Technology), anti-p-Akt antibody (Cell Signaling Technology), anti-ERK antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-p-ERK antibody (Santa Cruz Biotechnology), anti-p75^NTR^ antibody (Cell Signaling Technology), anti-JNK antibody (Cell Signaling Technology), anti-p-JNK antibody (Cell Signaling Technology) and anti-actin antibody (Sigma-Aldrich Co.). Next, the membranes were washed with washing buffer (137 mM NaCl, 2.7 mM KCl, 10 mM Na~2~HPO~4~, and 0.05% Tween 20), then incubated with 1:1000 diluted horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (Invitrogen, Carlsbad, CA, USA) at room temperature for 1 h. Finally, membrane blots were developed using Amersham ECL Select Western Blotting detection reagent (GE Healthcare, Little Chalfont, UK). The chemiluminescence signals that originated from specific bands were detected using FluorChemi®FC2 (Alpha Innotech Co., San Leandro, CA, USA).

To conduct slot blot analysis, 12.5 μg protein of hippocampus were transferred to a nitrocellulose membrane using a Slot Blot kit (Amersham Pharmacia Biotech, Piscataway, NJ, USA). The membrane was subsequently treated with primary rabbit anti-Aβ-42 peptide (Invitrogen, Carlsbad, CA, USA) antibody and horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (Invitrogen). Finally, a signal on the membrane was detected by the same method used in western blot.

Histological analysis {#Sec11}
---------------------

The perfusion and Nissl staining of the brain were performed as previously described \[[@CR45]\]. Briefly, mice were anesthetized by intraperitoneal injection of Zoletile (150 mg/kg body weight), then transcardially perfused with 1× PBS followed by 4% formaldehyde to effectively remove blood and fix brain tissue. Following perfusion, each mouse brain was isolated from the skull and fixed overnight in formaldehyde, after which each brain was dehydrated and embedded in paraffin. Next, a series of brain sections (10 μm) were cut from paraffin-embedded tissue using a Leica microtome (Leica Microsystems, Bannockburn, IL, USA). For Nissl staining, these sections were deparaffinized with xylene, rehydrated with ethanol at graded decreasing concentrations of 100--70%, and finally washed with distilled water. The slides with brain sections were then subjected to Nissl staining solution with 0.1% cresyl violet acetate for 8 min, then washed with dH~2~O, after which the dead neuronal cells were enumerated by microscopic observation.

For immunohistochemical analysis of Aβ-42 peptides, the brain sections were deparaffinized with xylene, rehydrated, and pretreated for 30 min at room temperature with PBS blocking buffer containing 10% normal goat serum (Vector Laboratories Inc. Burlingame, CA, USA). The sections were then incubated with anti-Aβ-42 peptide antibody (Chemicon International, Inc. Billerica, MA, USA) at a dilution of 1:100 in tris-buffered saline (TBS) blocking buffer for 12 h. The antigen-antibody complexes were subsequently visualized with biotinylated secondary antibody (goat anti-mouse)-conjugated HRP streptavidin (Histostain-Plus Kit; Zymed, South San Francisco, CA, USA) at a dilution of 1:100 in TBS blocking buffer. Aβ peptides were detected using stable 3,3′-diaminobenzidine (DAB; Invitrogen, Carlsbad, CA, USA) and observed with Leica Application Suite (Leica Microsystems).

Determination of AChE activity {#Sec12}
------------------------------

The AChE assay was performed using an AChE assay kit (Abcam, Cambridge, UK) according to the manufacturer's protocols. Briefly, the hippocampus from the brain of each mouse was homogenized in PRO-PREP protein extraction solution (1.0 mM PMSF, 1.0 mM EDTA, 1.0 μM pepstatin, 1.0 μM leupeptin, and 1.0 μM aprotinin, iNtRON Biotechnology, Inc., Seoul, Korea), after which the homogenates were stored at −70 °C until analysis. The samples or standards and ACh reaction mixtures were then incubated on a 96-well plate for 20 min at room temperature while protected from the light. Color alterations were read using a Vmax plate reader (Molecular Devices, Sunnyvale, CA, USA) at 405 nm.

Determination of anti-oxidative activity {#Sec13}
----------------------------------------

The total antioxidant capacity in serum samples was determined using a commercially available assay kit (ImAnOx TAS/TAC kit; Immundiagnostik, Stubenwald-Allee, Bensheim, Germany) according to the manufacturer's instructions. Briefly, 10 μl of sample or calibrator was added to appropriate wells of a 96-well plate. Next, 100 μl of reagent 1 (reaction buffer A + peroxide solution) was added to each well and incubated for 10 min at 37 °C. Following this, 100 μl of reagent 2A (reaction buffer A + reaction buffer B + enzyme solution) and 100 μl of reagent 2B (reaction buffer A + reaction buffer B) were added to each well and incubated for 5 min at room temperature. Finally, stop solution was added to each well and the plate was read immediately using a SoftMax Pro5 spectrophotometer (Molecular Devices, Sunnyvale, CA, USA) at 450 nm. Quantification was performed using the calibrator data and the results were expressed as μmol of hydrogen peroxide (H~2~O~2~) equivalents per liter.

Analysis of SOD activity {#Sec14}
------------------------

The SOD activity in the hippocampus tissue was detected using a calorimetric assay and the reagents in a SOD assay kit (Dojindo Molecular Technologies, Inc., Japan). First, these tissues (100 mg) was homogenized in 600 μl of sucrose buffer (0.25 M sucrose, 10 mM HEPES, 1 mM EDTA, pH 7.4) using a glass homogenizer. The lysate was then harvested from the mixture by centrifugation at 10,000 g for 60 min and stored at −70 °C until needed for the enzyme activity assay. To measure the SOD activity, the sample lysate was diluted with dilution buffer or saline as follows: 1, 1/5, 1/5^2^, 1/5^3^, 1/5^4^, 1/5^5^, 1/5^6^. Aliquots of the sample solution (25 μl) were subsequently placed in the wells of a 96-well plate, after which 200 μl of WST working solution was added. An enzyme working solution (20 μl) was also added to each sample well and mixed thoroughly. The enzyme reaction was then induced by incubating the mixture plate at 37 °C for 20 min, after which the absorbance was measured using a spectrophotometer at 450 nm. Finally, the SOD activity was calculated directly using the following equation:

SOD activity (inhibition rate %) =

\[(A~blank1~-A~blank3~)-(A~sample~-A~blank2~)\]/(A~blank1~-A~blank3~) × 100,

where, Ablank 1, 2, and 3 is the absorbance of blank 1, 2, and 3, respectively and Asample is the absorbance of the sample.

Statistical analysis {#Sec15}
--------------------

Tukey's post hoc test (SPSS for Windows, Release 10.10, Standard Version, Chicago, IL, USA) was used to identify significant differences between Non-Tg and Tg2576 groups, or the Vehicle treated Tg2576 and AEAC treated Tg2576 groups. All values are reported as the means ± standard deviation (SD) and a *p* value \<0.05 was considered significant.

Results {#Sec16}
=======

Biochemical properties of AEAC {#Sec17}
------------------------------

As shown in Table [1](#Tab1){ref-type="table"}, AEAC contained 1.32 mg/g, 13.8 mg/g and 57.2 mg/g of total flavonoids, total phenol, and crudal saponins, respectively. Protodioscin was also detected as a sharp specific peak in the HPLC curve of AEAC at 14.1 min (Fig. [1a](#Fig1){ref-type="fig"}). Furthermore, the inhibitory activity against DPPH radical was gradually increased by the addition of 0.12--500 μg/ml of AEAC. Based on these data, the IC~50~ value of AEAC was determined to be 590.1 μg/ml (Fig. [1b](#Fig1){ref-type="fig"}). These results demonstrate that AEAC contained various bioactive components with anti-oxidant activity, and that these were likely related to its neuroprotective effects.Table 1The concentration of three bioactive compounds, total phenols, flavonoids and crudal saponins in AEACCategoryConcentration (mg/g) in AEACTotal flavonoids1.32 ± 0.2Total phenol13.8 ± 0.9Crudal saponin57.2 ± 1.1Fig. 1Biochemical properties of AEAC. **a** Chromatograms of the protodioscine were obtained by high performance liquid chromatography of AEAC. The peak height/area reflect the concentration of the protodioscine in AEAC. **b** Free radical scavenging activity of AEAC. DPPH radical scavenging activity was assayed in a mixture containing 0.1 mM DPPH and a range of concentrations of AEAC (16 -- 2,000 μg/ml). DPPH, 2,2-diphenyl-1-picrylhydrazyl radical; IC~50~, half maximum inhibitory concentration. Values are presented as the means ± SD of three replicates

In vitro efficacy of AEAC in neuronal cells {#Sec18}
-------------------------------------------

To examine the potential therapeutic effects of AEAC before of animal model study, alterations in the NGF secretion ability and anti-oxidative activity were measured in neural cell line treated with AEAC. The concentration of NGF protein increased significantly in the supernatant of B35 cells treated with AEAC compared with the Vehicle treated group (Fig. [2a](#Fig2){ref-type="fig"}). Moreover, the NGF in AEAC-conditioned media successfully induced the differentiation of undifferentiated PC12 cells. Dendrites were longer in the AEAC-conditioned medium cultured groups than the Vehicle-conditioned medium cultured group (Fig. [2b](#Fig2){ref-type="fig"}). Furthermore, a similar result was detected in the inhibitory effects of AEAC against LPS-induced ROS production. ROS production was dramatically decreased in AEAC+LPS treated BV-2 cells without any significant change on their morphology (Fig. [2c](#Fig2){ref-type="fig"}). Therefore, the above results from neuronal cells show the possibility that AEAC can successfully induce enhanced NGF secretion and suppress oxidative stress in an animal model for AD.Fig. 2NGF stimulation capacity and anti-oxidant activity of AEAC in neuronal cells. **a** NGF concentration in the supernatant collected from each group was measured using an anti-NGF ELISA kit NGF. **b** Conditional medium (CM) was collected from B35 cells stimulated with AEAC for 24 h, then transferred to undifferentiated PC12 cells. After 24 h the cell morphology was observed at 200× using a microscope. The length of PC12 cells was measured using Leica Application Suite (Leica Microsystems). Values shown represent the means ± SD of three experiments. ^\#^, *P* \< 0.05 compared to the Vehicle treated group. **c** Determination of intracellular ROS production. After DCFH-DA treatment, green fluorescence in cells of subset groups was observed using a fluorescent microscope (Eclipse TX100, Nikon, Tokyo, Japan). BV-2 cells in each square of a 200× magnification image (left column) were further examined under 400× magnification (right column)

Stimulatory effects of AEAC on NGF secretion in Tg2576 mice {#Sec19}
-----------------------------------------------------------

To measure the effects of AEAC on the stimulation of NGF secretion in Tg2576 mice, the concentrations of NGF were measured in the blood serum after AEAC treatment for 4 weeks. The concentration of NGF was 44% lower in the Vehicle treated Tg group than the Non-Tg group. However, this level was significantly enhanced by 88% in the AEAC treated Tg group compared to the Vehicle treated Tg group and completely recovered to those of the Non-Tg group (Fig. [3a](#Fig3){ref-type="fig"}). These findings suggest that AEAC treatment can enhance NGF secretion in Tg2576 mice.Fig. 3NGF stimulation capacity and anti-oxidant activity of AEAC in Tg2576 mice. **a** Detection of NGF secretion in Tg2576 mice. NGF concentration was measured in serum of subset groups using an anti-NGF ELISA kit. **b** The anti-oxidant capacity was determined in serum collected from mice using a lipid peroxidation assay kit that could detect MDA at 0.1 nmole/mg to 20 nmole/mg. **c** SOD activity of the hippocampus collected from mice using an SOD assay kit. One unit of SOD is defined as the amount of enzyme in 20 μl of sample solution that inhibits the reduction reaction of WST-1 with superoxide anion by 50%. Data represent the means ± SD of three replicates. ^\#^, *p* \< 0.05 compared to the Non-Tg group; \*, *p* \< 0.05 compared to the Vehicle treated Tg2576 group

Suppressive effects of AEAC treatment against Aβ-induced oxidative stress in Tg2576 mice {#Sec20}
----------------------------------------------------------------------------------------

We also examined the suppressive effects of AEAC on oxidative stress induced by Aβ accumulation. To accomplish this, the anti-oxidative capacity and SOD activity were measured in the brains of Tg2576 mice. The antioxidative capacity in the brain tissue was 14.8% lower in the vehicle treated group than in the Non-Tg group. However, this level was significantly increased with 43.2% after AEAC treatment when compared with the Vehicle treated group (Fig. [3b](#Fig3){ref-type="fig"}). The activity of SOD was very similar to the antioxidant capacity. Specifically, the Vehicle treated group showed very lower SOD activity than the Non-Tg group, although this level was significantly higher in the AEAC treated groups (Fig. [3c](#Fig3){ref-type="fig"}). Overall, these results suggest that AEAC treatment inhibits the oxidative stress induced by Aβ peptide through enhancement of the antioxidative capacity and SOD activity.

Effects of AEAC on NGF receptor signaling pathway {#Sec21}
-------------------------------------------------

NGF secreted from the brains of mice in the AEAC treated group transduce their signal into the cytosol by binding two types of NGF receptors located on the target cell's membrane. Therefore, we investigated whether the enhancement of the NGF concentration induced by AEAC treatment could affect the two NGF receptor signaling pathways in the cortex and hippocampus of Tg mice. Analysis of the high affinity receptor revealed dramatic alterations in the expression level of p-Akt among three members. The p-Akt level was rapidly recovered in the cortex and hippocampus of Tg2576 mice by AEAC treatment for 4 weeks, although it was very lower in vehicle treated Tg2576 mice than Non-Tg mice (Fig. [4](#Fig4){ref-type="fig"}). Moreover, a slight recovery of the expression of p-ERK in the AEAC treated group was measured, while a constant level of p-TrkA expression was maintained (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Downstream signaling pathway of TrkA NGF receptor. Tissue lysates were prepared from the cortex **a** and hippocampus **b** of Tg2576 mice treated with vehicle or AEAC as described in the [Methods](#Sec2){ref-type="sec"}. Fifty micrograms of protein per sample was immunoblotted with antibodies for each protein. Three samples were assayed in triplicate by Western blotting. Data are reported as the means ± SD. ^\#^, *P* \< 0.05 compared to the Non-Tg group. \*, *p* \< 0.05 compared to the Vehicle treated Tg2576 group

Conversely, in the case of low affinity receptor, the expression level of p75^NTR^ was higher in Vehicle treated Tg2576 mice than Non-Tg mice. After AEAC treatment, this level was decreased in the cortex and hippocampus of AEAC treated Tg2576 mice relative to Vehicle treated Tg2576 mice (Fig. [5](#Fig5){ref-type="fig"}). However, the expression patterns of p-JNK, which is a downstream member of p75^NTR^, was not complete reflected to the expression level of p75^NTR^. The level of p-JNK expression was significantly decreased in only hippocampus of AEAC-treated Tg2576 mice (Fig. [5](#Fig5){ref-type="fig"}). Therefore, the above results showed that enhancement of the NGF level induced by AEAC treatment could induce significant changes in the NGF receptor TrkA and p75^NTR^ signaling pathways.Fig. 5Downstream signaling pathway of p75^NTR^ NGF receptor. Tissue lysates were prepared from the cortex **a** and hippocampus **b** of Tg2576 mice treated with vehicle or AEAC as described in the [Methods](#Sec2){ref-type="sec"}. Fifty micrograms of protein per sample were immunoblotted with antibodies for each protein. Three samples were assayed in triplicate by Western blotting. Data are reported as the means ± SD. ^\#^, *P* \< 0.05 compared to the Non-Tg group. \*, *p* \< 0.05 compared to the Vehicle treated Tg2576 group

Effects of AEAC on the production and deposition of Aβ peptides in the brain of Tg2576 mice {#Sec22}
-------------------------------------------------------------------------------------------

To investigate whether the enhanced NGF level and anti-oxidant activity induced by AEAC treatment was accompanied by the reduction of Aβ-42 peptides production and accumulation, the concentration of Aβ-42 peptides and the expression level of γ-secretase key members was measured in the brain of Tg2576 mice after treatment for 4 weeks. Immunohistochemical analysis showed that the number of Aβ-42 stained cells was significantly lower in the hippocampus and cortex of AEAC treated Tg2576 mice than in Vehicle treated Tg2576 mice (Fig. [6a](#Fig6){ref-type="fig"}). A similar result was observed in the slot dot blot assay to detect the concentration of Aβ-42 peptides. A significant decrease of soluble Aβ-42 concentration was observed in the hippocampus of AEAC treated Tg2576 mice compared with Vehicle treated Tg2576 mice (Fig. [6b](#Fig6){ref-type="fig"}). These results suggest that AEAC treatment may contribute to a decrease in Aβ-42 concentration in the brain of Tg2576 mice.Fig. 6Deposition and concentration of Aβ-42 peptides. **a** Deposition of Aβ-42 peptides in brains of Tg2576 mice was detected by immunostaining using specific antibody. Whole brains including the hippocampus and cortex were observed at 10× (upper column), while detailed histological features of several regions of the hippocampus are shown in three rectangles at 400× (lower column). **b** Concentration of soluble Aβ-42 peptides in brains of Tg2576 mice was detected by dot blot assay. Data are reported as the means ± SD. ^\#^, *P* \< 0.05 compared to the Non-Tg group. \*, *p* \< 0.05 compared to the Vehicle treated Tg2576 group

Expression analysis of γ-secretase members revealed significant alterations in full PS-2, APH-1, and NCT after AEAC treatment. The expression levels of APH-1 and NCT were higher in the Vehicle treated Tg group than the Non-Tg group; however, they decreased significantly by 10.4% and 22.4% in the AEAC treated group although the expression of full PS-2 showed the reverse pattern in the same group (Fig. [7](#Fig7){ref-type="fig"}). These results indicate that the decrease in Aβ-42 peptides after AEAC treatment may be closely correlated with the suppression of PS-2, APH-1 and NCT expression.Fig. 7Expression of γ-secretase components in the brains of Tg2576 mice. Hippocampus regions were prepared from brain tissues of Vehicle and AEAC treated Tg2576 mice. Fifty micrograms of protein per sample was immunoblotted with antibody for each protein. Expression levels of the four γ-secretase components were measured with specific antibody and horseradish peroxidase conjugated goat anti-rabbit IgG, as described in the [Methods](#Sec2){ref-type="sec"} section. The intensity of each protein was calculated using an imaging densitometer. Data are reported as the means ± SD from three replicates. ^\#^, *P* \< 0.05 compared to the Non-Tg group. \*, *p* \< 0.05 compared to the Vehicle treated Tg2576 group

Effects of AEAC on the survival and function of neuronal cells in the brains of Tg2576 mice {#Sec23}
-------------------------------------------------------------------------------------------

To investigate whether AEAC treatment could affect the survival and function of neuronal cells, the number of dead neuronal cells and AChE activity were measured in the AEAC treated group. The number of dead neuronal cells was significantly higher in the granule cell layer of the dentate gyrus in the Vehicle treated Tg2576 group than the No treated group. However, their number decreased in the AEAC treated Tg2576 group relative to the Vehicle treated Tg2576 group (Fig. [8a and b](#Fig8){ref-type="fig"}). Furthermore, AChE activity showed the similar pattern, with the Vehicle treated Tg2576 group showing a higher level (14%) of AChE activity than the Non-Tg group. This level recovered significantly in the AEAC treated groups (Fig. [8c](#Fig8){ref-type="fig"}). Taken together, our findings indicate that AEAC treatment for 4 weeks can protect against the death and function of neuronal cells in the specific region of the brain in Tg2576 mice.Fig. 8Survival and function in the hippocampus of Tg mice. **a** After AEAC administration for 4 weeks, brain tissues were collected from subset groups and histological changes were determined as described in the [Methods](#Sec2){ref-type="sec"}. The slide sections of brain tissue were stained with Nissl and then observed at 400× magnification. **b** The total number of neuronal cells was calculated per 80 mm^2^. **c** AChE activity was measured using the homogenate of hippocampus tissue collected from two mice after AEAC treatment. Data shown are means ± SD (*n* = 5). ^\#^, *P* \< 0.05 compared with the Non - Tg group. \*, *P* \< 0.05 compared with the Vehicle treated Tg2576 group

Discussion {#Sec24}
==========

Multifunctional products exhibit the highest efficacy as the most effective strategy in the many potential experimental therapies for the treatment of neurodegenerative processes of AD because many cellular targets can be considered to prevent or retard the progression of AD to pathological condition \[[@CR2]\]. As part of our research to develop these products, we are searching for novel natural products with multifunctions for therapeutic intervention at the pathological stage of AD. Among various targets, our study focused on stimulation of neurotropic secretion and suppression of oxidative stress. To accomplish this, AEAC was administrated to Tg2576 mice showing AD phenotypes for 4 weeks. The results of the present study are the first to suggest that AEAC can improve pathological conditions including Aβ-42 peptide deposition and neuronal cell dysfunction through enhanced NGF concentration and increased anti-oxidative activity in Tg2576 mice.

Neurotropic factors play a pivotal role in the mechanism underlying neuronal cell survival, differentiation of dendritic branching and dendritic spine morphology, synaptic plasticity and apoptosis of cells \[[@CR10]\]. NGF, brain-derived neurotrophic factor (BDNF) and neurotrophins belonged to this neurotrophin family. Among these, NGF primarily contributes to maintenance of biological and morphological phenotype, survival and growth on mature basal forebrain cholinergic neurons \[[@CR46]--[@CR48]\]. Therefore, the regulation of NGF activity can provide an attractive therapeutic option to prevent cholinergic neuron degradation in AD \[[@CR49]\]. However, pilot clinical trials were not investigated continuously because NGF cannot cross the brain blood barrier (BBB) and require intra-cerebroventricular infusion to arrive at target areas of the brain \[[@CR50]\]. Therefore, most recent studies of NGF therapy have focused on the development of novel agents with the ability to increase the level of NGF secretion or enhance NGF activity. In this study, we investigated the therapeutic effects of AEAC on the pathological symptoms of the AD model through the upregulation of NGF secretion. Our results are the first to show that secretion of NGF and its metabolism in Tg2576 mice were effectively enhanced by administration of AEAC for 4 weeks.

Several studies have investigated the ability of compounds and natural products to stimulate NGF secretion in model animals for AD. Ginsenoside Rb1 from *Panax quinquefolium* L. increased the mRNA expression of NGF in the hippocampus \[[@CR19]\], while spicatoside A isolated from *Liriope platyphylla* effectively induced enhancement of NGF in the serum of an animal model \[[@CR51]\]. Moreover, increases in the NGF concentration of 65% and 163% were detected in the serum of NSE/hAPPsw Tg mice and Tg2576 mice treated with red *L. platyphylla* (RLP) manufactured by the steaming process \[[@CR20], [@CR21]\]. Furthermore, similar results with an 80--85% increase were observed in Tg2576 mice and TMT-injected ICR mice after the administration of fermented soybean products for several weeks \[[@CR22], [@CR23]\]. However, little is known about the use of AEAC treatment of neurodegenerative diseases or their direct effects on NGF secretion using animal models expressing AD pathological features. The results of our study are in agreement with the above reports, although there are few differences in the treatment condition and increase rate (79%). However, further studies are needed to understand what key factors determine the secretion of NGF and to verify the body distribution and duration time of AEAC after initial administration.

Meanwhile, the biological function of NGF transduce by interacting with two receptors, Trk and p75^NTR^ on the surface of cells. The action of these receptors associated with several signaling pathway including Akt and MAPK-induced signaling via Trk, and JNK, p53, and NF-kB signaling via p75^NTR^ \[[@CR10]\]. The functional activity of this receptor should be investigated to verify the therapeutic effects of this novel NGF stimulator. In previous studies using the AD model, some differences in responses were detected in the expression of the Trk and p75^NTR^ signaling pathway. After treatment with RLP, downstream effectors of the NGF receptor signaling pathway, including TrkA and p75^NTR^ proteins, were suppressed in NSE/hAPPsw Tg mice and Tg2576 mice \[[@CR20], [@CR21]\]. However, the low phosphorylation levels of TrkA and Erk in the NGF receptor TrkA signaling pathway were rapidly recovered in Tg2576 mice treated with fermented soybean products, whereas the phosphorylation level of Akt was maintained at a constant level \[[@CR23]\]. In our study, dramatic alterations in the p-Akt expression of the cortexes and hippocampuses of the Vehicle and AEAC treated group were detected among downstream members of the NGF receptor. However, their level was completely recovered to those of Non-Tg mice after AEAC treatment, while the level of p-ERK was slightly recovered (Figs. [4](#Fig4){ref-type="fig"} and [5](#Fig5){ref-type="fig"}). Conversely, the decrease in p75^NTR^ was similar to the response of the RLP treated animal. We believe that this difference can be attributed to differences in the composition of treatment products, pathological severity caused by animal age and treatment period. Meanwhile, the recovery of p75NTR expression level did not agree with the phosphorylation level of JNK. These results suggested that the recovery signal of p75NTR induced by AEAC treatment may associated with other signals including NF-kB or p53 than JNK within downstream of p75NTR although additional studies will be needed.

The root of *A. cochinchinesis* has long been considered a therapeutic drug for human disease because of its anti-inflammatory, diuretic, antiseptic, antitussive, antibacterial, nervine, sialogoue, antipyretic, and stomachic effects \[[@CR34]\]. At an early stage, these extracts are administered in combination with other herbs as medicine to treat lung disease, aging and immune response related diseases \[[@CR36]\]. After treatment of these extracts and Compounds 2, 3 and 4 derived from them, secretion of pro-inflammatory cytokines such as TNF-α and NO concentration were significantly inhibited in LPS- and substance P-stimulated mouse astrocytes or microglial cells \[[@CR52], [@CR53]\]. Moreover, several indicators of skin inflammation progression including the degree of ectopic edema, ear thickness, cytokine secretion, and myeloperoxidase activity were greatly decreased by ethanol extract from *A. cochinchinesis* in a skin inflammation-induced mouse model treated with 12-O-tetradecanoyl-phorbol-13-acetate \[[@CR54]\]. Furthermore, effective inhibition of TNFα--induced cytotoxicity \[[@CR55]\], enhanced spleen index and SOD activity, and decreased malondialdehyde were observed in mice treated with the crude aqueous extract of *A. cochinchinensis*. Moreover, allergic asthma-associated airway remodeling and a decreased number of inflammatory cells were induced by treatment with standardized herbal formula PM014, which includes the roots of *A. cochinchinensis* \[[@CR56]\]. However, the therapeutic effects of Aβ accumulated neurodegeneration in the brains of Tg2576 mice through stimulation of NGF secretion and anti-oxidant activity after *A. cochinchinensis* treatment have not been fully investigated, although some inflammatory effects of *A. cochinchinensis* in other organs have been studied. This is the first study to show a novel function and mechanism through which AEAC containing various compounds may relive the pathological symptoms of AD by enhancing NGF secretion and suppressing oxidative stress to reduce AD energetic failure. However, it should be noted that the present study was limited in that it used only one type of animal model for AD and single dose treated animals were only examined for up to 4 weeks. Additional multi-dose studies and model trials are necessary to clarify the therapeutic effects of AEAC and utilize this material to improve human health.

Conclusions {#Sec25}
===========

In summary, the present study investigated the potential therapeutic action of AEAC for AD treatment, particularly its attenuation of Aβ deposition and neuronal dysfunction in Tg2576 mice. AEAC significantly decreased Aβ production and deposition and improved the survival and function of neuronal cells in the brains of Tg2576 mice through the stimulation of NGF activity and suppression of oxidative stress.

AChE

:   Acetyl choline esterase

AD

:   Alzheimer's disease

AEAC

:   Aqueous extract of *A. cochinchinesis* root

CAT

:   Catalase

DPPH

:   2, 2-diphenyl-1-picrylhydrazyl

ELISA

:   Enzyme-linked immunosorbent assay

NGF

:   Nerve growth factor

NO

:   Nitric oxide

NOS

:   Nitric oxide synthase

ROS

:   Reactive oxygen species

SOD

:   Superoxide dismutase
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